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Abstract

Abstract

With the rapid development of intelligentization and digitization of equipments and
power-by-wire technology, the electro-mechanical actuator is turning towards larger power,
higher level of integration, more precision and higher reliability. Planetary roller screw
mechanism (PRSM) is a mechanical device for converting rotary motion into linear motion.
Due to its advantages of heavier load carrying capacity, higher stiftness, longer lifetime and
higher reliability compared with ball screw mechanism, the PRSM becomes a critical
component in the electro-mechanical actuator and has been more and more widely used.
However, there have been few fundamental researches published to support its engineering
applications. In this dissertation, based on the meshing theory of helix and the property of
multiple thread meshing points, different types of contact and multi-bodies of the PRSM, the
theoretical and experimental research on the meshing and motion properties of the PRSM is
conducted. The output of the research can provide a theoretical basis for analyzing the load
carrying capacity, stiffness, lubrication, wear and lifetime of the PRSM. Thus, it is of great
significance for the design of a high performance PRSM and can promote the application of
the PRSM in industry fields, such as aeronautics, astronautics, marine, petrifaction and
intelligent manufacturing.

In this dissertation, according to the thread surfaces of the screw, roller and nut, the
analytical meshing model of the PRSM is proposed. Then, a more comprehensive analytical
meshing model of the PRSM is developed, which considers the thread profile errors, dividing
errors of multiple threads and the deviation of parts. The kinematic analysis of the PRSM with
run-out errors, position errors and dividing errors of multiple threads is performed. A
nonlinear six degrees of freedoms dynamic model of the PRSM is developed. A test rig which
is used to measure the transmission performance of the PRSM is designed and built. And the
feasibility of the proposed kinematic and dynamic models is tested by experiments. The main
research works and achievements in this dissertation are as follows:

1. According to the equations of thread surfaces and assembly of the screw, roller and nut,
the meshing model which is used to compute the contact positions and axial clearances in the
PRSM is proposed. Then, the influence of the structural parameters on the meshing properties
of the PSRM is studied. The results show that the contact points at the screw-roller interface
will move away from the line connecting the centers of the screw and roller, when the pitch of

thread is increased or the flank angle of thread is decreased. The thread thicknesses of the
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screw, roller and nut are different, when the axial clearance of the PRSM is zero. When the
radius of the roller profile is increased, the contact points between the screw and roller will
move torwards the top of the roller thread or the bottom of the screw thread.

2. The meshing equations of the PRSM are derived, which can be used to calculate the
contact position and clearance of an arbitrary pair of thread teeth along any directions. The
influence of the direction of clearance vector, thread profile errors, dividing errors of multiple
threads and deviations of parts on the meshing properties of the PRSM is analyzed. The
results show that the influence of flank angle error on the contact position of the PRSM will
become larger, when the difference between the flank angles of the threads at the screw-roller
or nut-roller interface is enlarged. There is a linear relationship between the pitch diameter
errors of threads and the change of the axial clearance in the PRSM. Due to the influence of
the dividing errors of multiple threads in the screw and nut, the states of axial clearanes of
different rollers are different and those of different thread teeth in the same roller are still
different. The deviation of the roller will influence the contact positions and clearances at the
screw-roller and nut-roller interfaces.

3. A kinematic model of the PRSM with run-out errors, position errors and dividing
errors of multiple threads is proposed, which considers the change of motion transfer paths,
the fluctuation of the transmission ratio of the spur-ring gear pair and the floating of the roller
in the PRSM. A method to analyze the clamping stagnation of the rollers in the PRSM is
developed and the influence of above mentioned errors on the motion properties of the PRSM
is studied. The results show that the influence of errors on the roller floating regions should be
considered in order to avoid clamping stagnation of the PRSM. When the magnitude of the
nut run-out error is equal to that of the nut installation error, the influence of the run-out error
and installation error of the nut on the transmission error of the PRSM can be counteracted if
the value of the nut installation angle is reasonable. The dividing errors of multiple threads
have effect on the roller floating regions and the number of the thread teeth on the roller that
contact with the screw or nut.

4. A nonlinear six degrees of freedoms dynamic model of the PRSM is proposed by
using Newton’s Second Law. The influence of the friction coefficients, load conditions and
structural parameters on the dynamic properties of the PRSM is studied. The results show that
the ratio between the rotational velocities of the carrier and screw, the contact force at the ring
gear-roller interface and the contact force at the carrier-roller interface are increased, when the
friction coefficients of threads are increased. At the same time, the efficiency of the PRSM is

decreased. The external load acting on the nut has effect on the meshing properties of the
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spur-ring gear pair. The steady-state efficiency and the ratio between the rotational velocities
of the carrier and screw of the PRSM under light load are less than those of the PRSM under
heavy load. If the pitch of thread is increased or the flank anlge of thread is decreased, the
efficiency of the PRSM is increased. When the flank angle of thread is less than 45°, it will
have little influence on the efficiency of the PRSM.

5. A test rig which is used to measure the transmission performance of the PRSM is
designed and built. The no-load transmission error, efficiency and rotational velocity of the
carrier of a PRSM specimen are measured. The effectiveness of the proposed kinematic and
dynamic models of the PRSM is validated by comparing the results obtained from the
proposed models and experiments. The results show that the no-load transmission error of the
PRSM is cyclic with a period corresponding to the rotation period of the screw. The
magnitude of the no-load transmission error is much larger than that of the screw lead error.
When the directions of the external load and the velocity of the nut are opposite, the
efficiency of the PRSM and the ratio between the rotational velocities of the carrier and screw
are larger than those when the directions of the external load and the velocity of the nut are

the same.

Keywords: planetary roller screw mechanism, meshing property, meshing equation,

error, kinematic analysis, dynamic analysis.
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0<a, <c;/tanp, (2-6)
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cos(@, +0/y) —sin@, +0/)) 0 rcos@, +6.,)]

sin(@, +6/,) cos@ +6/,) 0 rsin@, +6/,)
T/= | ’ | (2-10)

0 0 1 6L/2x)
0 0 1
A
L——224T. IR EOR g (3R, Ho 54 SCEAR i FURIETHA A A R K R

L =2nr tand, (2-11)

il 2 B R s 7 RN, R R (Q2-9) AT 15 2241 . MR RERTZE KR WE fite il 1 AE % B A
PR R o0-xyizi I TFEN -

(ug +rg5)coss + 64 )
rs (ug, 05) = (ug +rg)sin(@s + 67 ) (2-12)
Es(cg —ugtanfy) +(05Lg)/(2m)

(u, +r,)cos@,+6,,)
rj(uq,eq)= (uq +rq)sin(0q +0q,0) (2-13)
&, Wy, + 717 —(u, + 17,500 8,)° ) +(6,L,)/(2m)

(uy +ry)cos@y + 65 )
WGy, 00 =] (uy +ry)sin@y + 0 ) (2-14)
Syley +uytanfy)+(6yLy)/(2m)

v ol

u A1 G——Mh i A48R, HH use[-bs, as], unel-as, bsls uge[-by, agl-

bR i——i=S. N. q 7 HARERLZAT. BREPRIR i 4

FbR =12, ..., 05 ns NLATHISLEL

& =1F, (2-12)-(2-14)F 7 FIg gt TLy 78 4 & =—11f, R (2-12)-(2-14)
FoR TR T L 10 7 72

ARHE G ST S B, 22 KT, R B R i o THT 1) 41922 i i i B X6 B A
2R orxizi TN

; or or
“i(ui,@)Zaxg (2-15)

1 1
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, in(@. + 6/ L. |
cos(@; + 05 o) tanf + s 512n((S S’;) >
: T(ug + 15
' , E.cos(@ + 64 )L
n;(ug, 0,) = sin(fg + 64 () tanf — > 271(: +:’; - (2-16)
st
Ss
cos@ +86, ) Uy — U1y +§q sin(@, +6,.0)L,
q q,
\/rlgq _(uq _uTq)2 27I(uq +l”q)
. R uq _uTq _ é:q COS(Hq + Hq,O)Lq
n!(u,,0,)= sm(@qwq,o)\/ RS 2m(u, +7,) (2-17)
1y — (U, —ur,) Y
S
i ‘ in(@, +6. )L, |
_cos(9N+«9]{,,0)tanﬂN+gNS;n( Ol
n(uN+rN)
. ; Sy cos@y + 05 o)Ly
Ny, 0) =] —sin(@y + 6} )t - ’
ny(uy,6y) sin(@y + 6y o) tanfy 2y +1y) (2-18)
SN

UK 2-4 Flro, 22T SRR S RAERARACOR R AV S TR A-AR R oz 5 HBEAR AL
PRFR O-XYZ FF TR R R IR - O 185 5 LA AR RT3, IR ARG A P 5 22
SR 2 e — IR . IR SR 2R BT Re M B R TR AR R O-XY2) 9
Y= (ns=1)- @y, “FRIRRAEGEH RN e o 1 18] 2-4 W15, RIEAARR 2R opg-xpeypezpy
AR AR R O-XYZ AR 4 Ny

cos®, —sind, 00
T - sin®, cos®, O 0 B H,, Equ
=l 0o 10| (2-19)
0 0 0il] |0 0 o0i1
e
2n
®, =(q-1) (2-20)

roller

TR R orxpiz; IV BEARAAAR R O-XYZ AR AS 0 B REA 7R A«



PG Tl R 1 S8 3

0 0 01
b
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Bl 2-4 24T, SEEFRIEA R 5 &
FHZUiE i T 5 FR(2-12)-(2-14)F1 K] 2-4 AT 15
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p,=14[0,0,P/2]" (i=N) (2-22)
H, [rs+7,,0,P/2]" (i=q)

cosy; —siny, 0

H,=|siny; cosy, O (2-23)
0 0 1
e
0 i=S,N
Vi= . 2-24
—(ns—1)®, i=gq (2-24)
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W e 1 TE X1, AT, B AH U4k 25 1F -
v/ (u, 0)+d;! = (u,,0,)

Im

nfq(ul’ 91) = é’lm : an (um’ em)

{H:
Cm—— B
hR(2-25)A] 75
[r/], =[r,"],
[rqu]y = [rnfq]y
[5], + 8, =[r,"].
X

[r], - [r,] A [r,].

[r’qu ]x N [rn}l)q ]y }FD [rnI:q ]z

2-6 PRSM ¥k #H I A A U 42k

[ rlpq i} Xpg~ Ypq il Zpy AAFR
]ﬁ.'% rnf;q E/\J qu\ qu ﬂ] ZPq él‘é*/j_:\‘o
(2-26)-2-28)FEHE R H & 4 DARFE win O~ wm~ G VYIS TR

fi(w,60.u,,60 )=0 feC (t=1,2,3,4)

(2-25)

(2-26)
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(2-29)

(2-30)

SRARTTREQ2-30) AT 1545 L 0 HUBLEL . A5 SRAAEE AT F(2-29) AT SRAG Al 7] 9] it
Sme V&l 27 JYUETE I, ANTL, AIWTAEIRZS SRR 6 Z IR 2R e BT 2-7(a)FTs, 24
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Il 2-8 Firo, Z2ALANR M #g 2 1A1FE i o 10 2 B RE 06 385 LAV T xpgopgyp, TS
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A A § 0505, Mo, O, 1E ypJ7F LRI ERTEN, WS MM g > 0N gy, >0, Z LIk
EANTER, WG g <0 M gy <0,

qu“

 J

0r05) N~ == = 74

28 LTI Bl A TE T xpyopyn, HFIIHER

16 P38 R AR Y T 5 22 ARG M T L SR V8 WG 5 5 RO BRI R . I R(2-12)
FQ2-13) AT, LA RV Kt (O AL R TR 3R opgxpgy gz, HHORL B IR T 43 31126
TN L gy, Os,) FITL (s, Ons) » o (ths,, O,) F (e Opy) FIUEBE M T, AL 752
fih AL BT AR o KRR P 2-8 TTE MG 202 gy T 1y -5 HH T AR a5y A g I R

Fy, =Ty g, (2-31)
Treg =Ty F iy (2-32)

2R 58 g, A0 s, 5 BT AR O, 1 O, FLATIT R % 5
6?Sq=®q +¢Sq (2-33)
9qu = ns¢q — ¢qu (2-34)

B R(2-3D)A1(2-33)77 A (2-16), FEHQ-21)FIQ2-19) 015, L2 AT B2 i i THI T 7F 2 fh 21
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0sq AL IVINE LR A BAE SR BB ARAR 2R 0pg-xpgypyzrg IARIE AN :

cosgg, tanf; —singg, tandg,

ng! =| sing, tanfs + cosdg, tands, (2-35)
-1
A
Asy——LLALAE A s AL BB BETT £ -
tandg, A RIRN:

tandg, = Ls/(2mry,) (2-36)

FIE RS, JRETAAAR R opg-Xpgypezpy T M THITL,y £E 32 Al R AR A SNE LR 7] & -

—COos@y,, tanfy  +singy  tand

Rsq
n]i?q = Sin ¢qu tanﬂqu +co S¢qu tan/Iqu (2-3 7)
1
A
Arsg T Prog —— 18 KE#q FEFA R AL KR T F AN D £
tand,,, fl tanfy, BB RN N:
tandy, =L, /Q2nr,,) (2-38)

I"qu —I"q _uTq

tan,BRSq =

(2-39)

\/rTzq - (rqu - _uTq)z
H30(2-35)1(2-37)1 AT (2-26), FF i3 (2-27)M1(2-28) AT 15 L2 AT IR e i T TTsp 5 ¥R AT
WEE H TR L, 22 1) )2 Al o B 1 B A 0

rSCcos¢Sq = —T,, €O s¢qu +rg+r,
rSc Sin ¢Sq = rqu s ¢qu

cosgg, tanf;  —sings tandg, =cosgy tanf, —singdy tand,,

(2-40)

singg, tanfs , +cosgs, tandg, = —singy tanf,  —cosg,  tand,

SRAATTFE(2-40) BE U SRAFLLAT MR Z A IG5 2BAZ rsgn rreg T A A dsgn Progo
PR 20(2-29) AT 4502 e il T T Tsp AT, 22 18] ARl e T i 14 B 8 20 -

P
Osp qu = 3_(05 +c¢,)+r,co8f, +(rs, —r5)tanf;

¢SqLS + ¢quLq (2-4 1)
27w

2 . 2
—\/rTq —(rqu -7, +rqu1nﬂq) +
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L2 KT AR A #g (0 17 RV R O, 9 W8 1 1 THI T FHT T LA ST s FHTT g %1 110 TRD R A S,
R

Os, =Osp qutOsu_gs (2-42)
tR(2-40)A] 75

rqu(rq + Ts )(tanﬁqu taMSq + tanﬂS tan/,{’qu)
2 2
(qu tanﬂqu + rqu tanﬂS) + (qu taMqu - rRsc taMSq)

singy, = (2-43)

M 2 (2-40)F1(2-43) T K1, Y22 AL R A IR E T+ A A AR, 3 2 18] IR e 5
FAEURAANZE, RN ZZ AT FNTRAE 18] 42 A i i 2 Ml B8 22 KT R A e 206 40 ol 1P 1T
HHE N TBA T IEs/ N T RS, B a<b.. N7 B S AL T 22T 8
BAE#Hg WAL S, Wi G rsy 1 reg, 0 B30 2 00T 2648
F, <Ts +dg (2-44)

Treg <1, +4, (2-45)

A
as M a, 22 KRR Mitg B Thi v

233 BEARA AR B Fifhm R

B 2-0 B, A FAREEE A Ong 5B on il o (AR i KA R AR R Kbt 2
R 6 T 29 1, g, Ty, SRR 2 2 5 2R i, I B, 5
SRR ZE B B MG 2 A & . 2400 03 O 10, O 75 ypg 7 IS AT
I, WL fuy > O oy >0 5 4 LR AR T I, WA A dy, <O Fl gy <00

J’Pq“

YN

Kl2-9 BREERNRE#g FEfh AL xpgopgyp, T HIBEY

WA 35 R g 2 0 [ 25 77 P SR A2 15 AT RNk g L) HRAE R (2-13)R1(2-14)
T, BEEERIVE R 2 AR TE SR AR R opp-xpgypezey FHIORL BB TT 49 55
E2 s Og) TR (s Ons) s FEFL (1t Op) R (1 Opy) MBIV M T 78R £ A 1)
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M As bR . FHIE 2-9 PT 50, SRR RIS RS T ABER ung FH ugn, IR A
Tng =Tv TUng (2-46)
Yrng =Ty +Ugag (2-47)
W2 0 By~ By 5 HTTAAT By O, 195 R REIE 09
Oy =P, + Py, (2-48)

6

Rngq

=T+ ng®, + fy,, (2-49)
Bl I T R (2-13)F1(2-14) LA E T FE(2-17)M(2-18) AHYIHEfm 26 1F(2-25)F1(2-26)
5 5(2-46)-(2-49) PT 1545 RE0E e #1100 Ty FOER AT W52 il T X, 5 18] B R 7 B 1 /A 2 0R

Fing COSPy, = Ty COSPy, .+ 75 +1,,

rNc Sin ¢Nq = arc S ¢an

cosgy, tanfy —sing, tand, =cosg, tanf, —sing,, tand, (2-50)
singy, tanfy +cosgy, tandy, =singy, tanf, +cosg,, tand,,
A
Ang —IRBEAE SR s AL R R TETH A7
D 1 P, —— ViRt TEBEA S AL ORI T A A U £
tandy . tandg, FltanB, GERERIRN:
tandy, = Ly /(2nry,) (2-51)
tandy,, =L, /Q2nry,,) (2-52)
Fong =1, — U
tan/By,, =ttt — (2-53)
\/VT‘Z _(arq_rq _uTq)
WER e A TF vy AT 22 8]k i TR 2 ) 55 O -
P
5Nu—q3 = > —(cy + cq) +77, cosﬂq - (qu —ry)tangfy
_ (2-54)
—\/7"7?(1 _(arq_uan_'_rTq Sinﬁq)z + ¢N(JLN ¢anLq

27

WRBE MR AL #g 2 18] R il 20 1] B S, 9 MR TE i T TTyp AT, EA R T AT ik 170 18] B2
Sy AP

5N = 5NB—qU + 5NU—qB (2-55)
4%‘@% qu/féﬂsniﬁ*; l:l:‘//fé H(J-tﬂ /'{_:T\/fj§_¢Nq:¢an:009 qu:rN’ arq:rq %]\uﬁ/ﬁ\ﬁ$§(2—50)
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AL, FRAE SRR AR MA, R A=A, B, MR REAIZR 2 O o
BREUHARRI T R AL o N T T IR RS TR BRI R A HISREUAZE, W& AF 1, B 1y
e T AR AN [ PR

Trng <1, 4, (2-56)

Tng =Ty — Ay (2-57)

A
an—IF BHESUF 1K 28 T o

2.4 AEEERBRLE R 3T b S92 hE i E RV %) 8] BE 5 7

2.4.1 A°[E] PRSM M &= BRI B LA RXTEE

T 53 BT AN [EI G AR PR R i RS0 UE A 35 i 2 PRSML |l T Afr i S5 78 (e it
MG AR (IERGTE, AR SRR 2-1 F IS8, %t Jones AU Blinvo ##
FRU ORI iy T ik A AR ) B SR AT B AT . SR Matlab 2010a 4 1 = S BEAL 55
Fef i B B B BRIGFR T, HC BB BT (] (THEHL CPU BY5: Intel Core
i3-3220).

% 2-1 PRSM &S5

ZH e #A BEE OB
ERE5 r/mm 975 325 1625
F T a/mm 04 04 04
F Ik b/mm 055 055 0.5
FFE c/mm 044 047 0.52
- £ BIC) 45 45 45
il n; 5 1 5
Ll P/mm 2 2 2
BAEREEAE rp/mm - 4596

TR A R S R R EL g 2-2 FoR . BT Jones BRI OSME A 24T
AT FIERELE AP AR A B e A AR T 2l i R B e T+, BT DA B (1) SR 5 72 1
AL, SRR RE R R bR . SR TR SRS BEXT Blinvo ARSNGB g SR 5
I SRR Ko 24 2 TRIRI S FRORE BE HR i, Blinvo RREZRN 08 28 (- SR0 1a] £ K 184 0

2.2, TEALH B TS A AR AR AR R AT . SRAE AR B Hh A2 AL S8 e T A AR
i T M AT rp e AR R T A, BRI As=As) Ars=Aqr An=An T Agac=Ago HI T
Z SRR L T (2-40) FN(2-50) AT T4, T LATH SRR [RLAH B T3 2-2 (i T ks & 452
IR IRIRZ o HRYE Jones BRI @MU R AT A0, a4k ¥ i T A 55784 55 Jones 5
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NSS4ty Rk, AR BTG A 18 S Jones AEAUUSITE SR 20 WP 5 45 5%
S LR b, AT HTHE ST A T G AR AT — 8 A N REEIE 1L Jones FEAIIY, If:
REWS [R5 PRSM 42 fil (o7 B 5 i ] [A] B

# 22 AN[E] PRSM W& B8 iS4 R 5 1 S []

Blinvo fi7!'%! A
Jones N i}
u'/(mm)x87(°) i
L P
0.1x0.1 102x1072 L it
9.8470 9.8147 9.8180 9.8173
Fsg/mm 9.8180 e
(0.29%) (0.03%) (0%) (0.07%0)
3.4989 3.6634 3.6813 3.6605
5,/(°) 3.6813
(4.95%) (0.48%) (0%) (5.70%0)
3.2278 3.2662 3.2637 3.2635
TRsg/MM 3.2637
(1.10%) (0.08%) (0%) (0.06%0)
bl 111366 10.7301 11.0696 11.1366 11.0730
53 (e ' (3.65%) (0.60%) (0%) (5.71%0)
(A 16.2277 16.2470 16.2500 16.2500
ry/mm  16.2500
(0.14%) (0.02%) (0%) (0%)
) . 0.1094 0.0109 0 0 (0%
N ) ) (0%) ’
3.2278 3.2470 3.2500 3.2500
¥ Rug/ MM 3.2500
(0.68%) (0.09%) (0%) (0%)
ho(®) 0 0.5499 0.0544 0 0
o ) ) (0%) (0%)
B\ Os/mm - 0.0163 0.0153 - 0.0153
B Sy,/mm - 0.0206 0.0200 - 0.0200
THE
i s 0.0201 0.0656 22.1813 0.2450 0.2370
i ]

VE*: 25 Blinvo B )2 IR 40 KS 1
FEX*: IR s Ass Are=Agr Ane=In W A=Ay ITAALZEAE TR 5 A8 I SR(2-40) FII(2-50) i 457 B i 5 o7 B
FERer SRR S T 50 T BON AR RIS G 157 45 515 Jones KRR T 57 45 S AU«
2.4.2 MRS SEAEHIE AV EBE 5 7R

FH Eb T35 T2 Y 28 T A ST F PRSME i 4 AS 7R 11081091 ot i oA i i v iy 2 A 780 B L
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2
5qg = gqg + z[(quoNg + Otig,09r + 04/ qg)nqg el ] (4'15)
Se=1
A
WHE#q 2 (B 56 B I 46 1 1m) [A] R 5
enCOS(Qy+ Py,) —pcos(Qy+ @)
OpOng =| enSIN(Qy+ @y, ) —epsin(Qy+¢p) (4-16)
0
gqrx + qux
OHq, Oqu = HPq gqry + quy (4-17)
0

68



4 PR IRZE AT BRI AL RIZ B o M

—e,,Ccosp, . +e,, cosp,,

— Payyar| _ ; ;
0,0,,=HpH H | —e sing +e sing,, (4-18)
0

4.3.4 FAEFERXIE
%] £ Gk TER5T L PR A0 KR RN 22 B (R . UL 22 AT R RERG
PR iR T #g e fh 5 FA PRl 2 AR AL B AT, B ey, Al o, (B 4-D) 2 FAI, 38
Fittg 15 L#g RIS B RENS A F e Hl O ) 00 TEARFR R 0ng-X gy rgzrg THIAEPR £
e, (B 4-dFrfiiR . Bk, RBi#g FIVEs X IEEEE R AL EA,:
A=A, A NN, NAy, (4-19)

vtk

Agp— K #g NG RFFEER AT K 0g AFR (g, En) IS

A g8 KE#g A5 WU AT L ogr AFR (&4, ) IR

Asq— &N #g AN GLATRAET N K og AFR (&g £4m) IS s

Ang— TR g A GERER AT 5 0y AR (&g, En) IR T

AR R BRI L RS LU ISR RE S, Syen Ostign~ Oshigu~ Ontrogs A Sy,
E X, FIFEG A Agen Asg M AN 73719

Ay =1{(8y0 8,) 15,20} (4-20)
Ao =& En) 0,20} (4-21)
Ay =1{(8,0 €,0,) IMIN@5E, ) + Min@sh 1)) > 0} (4-22)
Ay =1{(8,€,,) | Min@y5, ) +min@Syy ) >0} (4-23)

Kl 4-10 HikE#g FE XA EE . B 4-10 RGN ongs BN rag=Cug/2 1
jﬁ@%&@i%@%%%/\qn 8/\qu }FugAqu ﬁj\%uy\j%/ﬁ\[xqr E'qurx E@%K{E*D%d\’fﬁo EE lgl
4'7 ﬂ%ﬂ’ ‘IL‘ OAqr %Eﬁé*/]?/% OHq'xquHqZHq EFI E‘J{jﬁ[ﬂ% pfgryg:

— eqrcosgoq, 4,
Pfgr = _H;Dg ) HZ; ' _equin(oqr (eqr <7 2 ) (4-24)
0
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RYEEE 3 F 45 1K) PRSM MEG 1SRRI A, I #g VG yug-J7 AR RE X 22 AT AR
Fittg UL AR BERNE F#tg R Ji it T < 1] % 1 18] PR SRR /N o[RS, VR AT #g T yug-
T3 18] ) /NSE A KR BRIV Ftg 18] 1R 56 B )92 1) [ i B 6, SEMR AR /DN o R0, 72 ] 4-10
T B xi=ansgs Xrg=eang M Xir=enge 7T IMNEIN R A Ay Nsgs A Ang FIA A g 13D
Fto HIEERG A T g BIBRKABAN T /M 73 I ZRTR N gty A 41 F AT BN AN T BT A -

EqrxU = min {gAsz gAqgagAqu} (4-25)

gqpr =max {EASqa gAqu} (4-26)

IEJH‘]L ’ 8qer}anqpr %giﬁﬁié/{IHi%{q::

gqer > gqpr (4_27)

4.3.5 SZEFMMRIALIFS

HAE PRSM (£ SEH R BT I, B —NRAEH RN 5 L2 AT AR B, JF B ANR
BRI 2 MREUF B 5 20 B 22 AL SR BHREUE . JR1, T2 L5 AR R
ZERIREN, 24 PRSM /RN, —LLiRAENG Joik [N 5 22 AT AR B, JF HA MR B
A AR EUF thR] REAN 22 AL BB BHIR S T 0 BOIRAS . W& 4-11 o, 25 PRSM K32
R Fy I, R BB kR MRSUF I EIRE T e LUK b, MRSUF IR
WEE M TH T 735 A X IS 1) £ AT RTME RPN i TR B, B @6 oy + @AYo =0 o T
BRI, FRAE# TCIRFIN 5 AT MR B, JF HIR M #g* AR IREUT 536 B 22 AT AR
BHIEAULF 2 (A AFAE R o
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§NU—q*B
~
IT 5
5k}€n

NU-q*B

1
6NU—q*B

Fy T ?ﬁ?‘ﬁ#q*l | ks

K 4-11  SREE RN
H T PRSM AN [FVRAE 5 22 AL RURB] 2 (8] 5l ) [B] BR A0 25 57, 22Ty, 12 bk
HAH AR RIARLL RS v B 4-11)RERIEE AT Fy RERL I R A AL 156 25 22 4T . AR5 WA
b 2 6, A8 ¢ %0, WREBERT I RIARAL 2 sy N -

Ky =min[min@ef, )+ minGyir )] (9=12,....1,) (4-28)
FEMCRAS S, VUECER e # A1 Tgp-T1,0 AT Lyo-TT,p H R B Z AN«

Sgyg=MINEGsH ) + MInGEL 5) — Ky (4-29)

fi IR M #g* R 7x PRSM o A 5 22 AL MR BEARFZ Al VR AT, B Gsngs=0 (g=¢™*)s ks
Mk R IR K #g* L5 22 ALAERARIE AR RS g 5, R

S8 oy =MING5E o)) (4-30)
OV o = NGV 15 (4-31)

4.4 EEIRENEFER
44.1 BIREMSREIEDIE

PRSM 1, V& EIIME SRS AN 5 L2 AT IR e % 77 [ AT 90 .55 B8 RE 52 F5 15 A
Ko HRWFEIMG ARSI E BB AES 5 Tt . 2R T o038 BT e Fl
FES L2 I BAR B B2 5 P ik B A S G, 1R 24T I8 4-9 Fos (3 A8 MG & F1H
WY, R kg AR op 5 AR IE o) BAFEI PRI A:

[0pZ X (0p 0y, +0y,G M, + [0 Zx(0,,0,,+0,,G,)n,, =0 (4-32)

Rebte 270, 0, 17, 0,6, Floy,G, 45 FINEL A P31k LT rh .0 3 el 4 G, O
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IR K 4-9, A[15.

[

(Zxoy,G ), =851y, (4-33)
(Zx Ongq)nqg - fGrqg (4-34)

Ve
g M ryg PN AT L R A L 1) 93 2 T A2
4 3R(4-31)F1(4-32) 5 N 3R (4-30), I f5EAE#g () EEE o) R

Eary, + (2% 0,0y, )M
(l); =, G'Ng Pg~Ng/"qg (4_35)
éGrqg +(Zx quoqg)nqg

i 20(4-35) AT 40, FRARRA FIRRER E SR IE o) o

p
ol =—"2aw, (4-36)
I"qg

PRSM i3 22 AT MR A g * LA S MR BE RN g * (R G 5K 22 AT (1 e % 32 3h e A IR
B ELzE. B, 28 4.4.2 TR0 AT F#g* DL IR BRI FE#g* 2 8] B 1
Jig i I BEAT IS BN A 70 AT, AT SRAGUR B (1) il [ A B S

442 EiREHIZEHEBINIRRE

W 4-12 7R, ogs Mo\t (q=q*. kp =kp kg, =kp, ) S>HINLATANGAE#g* LA
T BRI Mt * (I il 5 Ofk: 1 Ofke 43 51 Ay 15 05hs 1 082 7F xpys0pyeypg=F-THI PN H
B BHE 3BTRS HING AR, A OF RO I6r B Bl 7245 ik |
rek, | rkkn F1rkke UL R MES R A Gk L gk L gk T gk TR . T 4-12 T, vy FRIR
et (RS SN RE, VD, RVEREARR T-48H55 5 op-xpypzp TR EELE . (18 4-12 W75,
VRt TE A 15 o6k A IS FE A -

Vg = OpLx 0,05k + @b L x0,., O + HpvE +0,0,v,..1" (4-37)
A
0ppOskt = 0,0+ 005k =00 —p,,.. (4-38)
_eS cos(jgwsdt+ QS)_ rskgs cos¢5’f§;
OOIS‘;‘E =| e sin(j(: wsdt+Qg) |+ Hp, rskfi? sin é‘[’}: (4-39)

0 O
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- .
P P
]0*0*|cos(ja)*dt+Q*) krs ks
g rq o 4 q —I"RS(;*COS Rsq*
0.0% =H, .l o.o0.,]|sin( ‘wldi+ Q") [+H riRs sin gk
g*rlsq — BEpg| 1 Vg g 0 a q* Pg*| 'Rsg* Rsq* (4-40)
0 0

[FIHE, TR AE# LB 1 oyt AL T A

Viugr = Es@pLx 05 O + @F L %0, O\ +Hy VL +10,0,v,.. 1" (4-41)
X
—epcos(pp +Qy)+e, co, rjﬁ}; cos¢,’§§ﬂ
Kin — i 1 KRn o3 kRn
0pONE =| —epsin(@p + Q) +eysinQy |+ Hp .| rylsingy (4-42)
0 0 |

- ;
p P -

0.0 .|cos(| @.dt+Q k; K

04210, | (.[0 q* ) T COSPtr,

kRn _ 1 ! P P KRn o3 kRn
0,4, 0N =Hp | [0,,0, |sm(j0 @pdt+ Q) |+ Hp | 1% sin gl (4-43)
0

0

P 4-12 FT1R, AT AE R A oghy AR A

Vsp = O Lx 005 (4-44)
MR R (IS B S AR T 1, 22K RN A g *TE 332 1 oghe A D325 16 ML S P 33
NE, B
VM + Vg pmgh =0 (4-45)
A

ks il miEs . BB I I T AT, g 754500 5T 0552 b P BT [ 4
HIE0(4-39) (4-42)F11(4-43)REREAE S VARt OB T BS B E v

Vg, = —{Vsq*n?;i + [COPZ X opq*()ff}f + a);Z X oq*r0§§£ + HPq*Vg*r}n];f;*}
(4-46)
1+ (tanfles )? + (tande,)?
A
ks 1 Blke, — EFEAE Pefil £ ok RERIMBHETH H5 5 28 00 £

kg

R (4-46)H 1 tan i, | tanSks o mik Rl nGk, BERSIEIL A 3 2 HTEE LI PRSM Wi £
FARIERT
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4-12  ZZATRIR K * AR BEANR E#g* (I8 ) 2 70

K S HE IR PV L vy MR TR, AR IR BRI A R A SIS v 9

V: = " VRug nlje}fl}:f“ ) \/1 +(tang, )2 + (tan/lljf}f (4-47)
S
Ay R b NI A8

R ViR

N, 0 THTTT o 75 B 245 0 A0 ) 2007352 1

tanAiks A1 nkke, [FIREREDEAE IS5 3 22T EESL 14 PRSM G A A3k A

8 8 512 i ) 5 5 3R il (2 22 TR 25 5 S PRSME FIAR B 2 Ay

Ay = [yed= [ (Ls s (4-48)
Rt Ly SATHIDR, “LoFom AL, RIS A e

K (@-4TYRAK@4-48)F, TRGNIEIRE T, B EE 0510 B IRZ K PRSM
fezhir 2.

4.5 EHIHE
PRSM HIZEHISHUN: rs=9.75mm. ry=16.25mm. r,=3.25mm. B=45°, cs=0.45mm.
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N ew=10um ey =10pum ey T ERTERS T ENTTINM ~  Eyy T Em3yT ERSy= ERTy O UM
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TEULSERI R, L2 AT A eSS B é=1, AT, REFZEFIE #g FIFTAE e M (Qs-
Qp QBN WRBEH 235 M Qn=-135% TRAEH3~#10 [T G2k 5% W8y b i il 2%
FE S WAE#] FI#2 RSB N e, =5um. ¢,=0°. e=3um Ml ¢p,=22.5°. Z%
Velinsky 55U 745 TG R, W ARRFAR S AT B R M LU IE wp/ 05 55 T ro/(rstry), oA
rs By 3 SR AT FIBR REF) 44 S5 . 7E =08 BRI, TRAEHL. JRAE#2 RIRAEH3 (7T
XIS B E 4-13(a) (b)FI(c) AR, 1 4-13 FivR, RoniEH#g 7 XIRTIEE A,
H, g I EEIE 2T L BB RERT ORAF LA FLAN P 145 BEL SR 1), SR &, P50 FB] 32 A DR HR7 242
AL IR A o
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0A1r / ‘ OAZ;/ tz /l X3
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&g =-20um Sy =2.3um s 23 M To=sum - Sma=2oum Emu=3um
3rxU ™
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4-13 7 =0s I ZI, BH#1. BE#2 FEH3 TS0 XI5

LB A FIA; gy BIBCRAE S B/ IMERERT A ZE AL 70 30 4-14(a) (b)FI(c)
Fise Horr Ts NEAT B il 3 o
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-1
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1
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W] 54 R, Ty Al AEL U T Tl Al 9P SRR, FIo0 (0=1
o 2) A FATE g E 38 0 ANELOE RO . TR e IR, B B AT L
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G ZSZIVAE
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SR

SN
psr—— AT AN AR 2 8] 1 PR R4
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—singy,
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0
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0
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o) =[0,0,0"1" (5-27)

R(5-22)-(5-27) 178, MRREARNS T-¥ickEng (1 2 HER SN
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R — . B B . -
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MURTETH 1 Ay 5/, tan® Ay (KB BB A5 20 R e 5(5-28) RE A5 R 1L -

spin _1+rNg/rqg

~ (6, %0) 5-29
. rN\/1+tan2,BN " (5-29)

FE(5-29) AT, TRATTEMRRF EIAE B ER S . IRAER SN Ee i1, R FTER AT
#q W5 k MR EHURSCE LB 15 BEBE T 19673 30N -

£ =My HY - [[plnt dxg,dyy, (5-30)
Qny
0
ch k HPqHNq 0 d d
fan Xen @Y En (5-3 1)

En, k En, k
QNq yEn[pqinz ]xE +xEn[qu ]En

Horp:
Py — AR IR, IV F7, AT AE I SCHR[ 13745 H I SRS
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MEAR S Bt X ROy, ERER SRR B 5 VR I JBE 5 R e LRI
5 BE A% SR A MR BRI VR AL P BE 4 R R4 15

5.4 PRSM HIRI{AZN HFHE R

5.4.1 A EHHFHIE

W 5-5 B, [B0E 24T 0 20 S A AR A i Ak T H BIRES . M, RAFHAEZAT B
Ji5e Fson Fgon Fson Mo R Mg, 522 KT [0 S2BEAE IS R 15 1156 . B RIESE 23 R
Fittg 5 k ANIRSUFE FITE 24T L Befil ) 5 BEHE D) .

Fy, " =—H{ - F (5-32)
£ =—H7 - £10 (5-33)

4] 5-5 51, rEE LETRHALER B opg-xngegzn MRS o, HORLE B, %000 B
R Tt

rg;" =15, +[0,0, hg, + (k=1)P] (5-34)
s, cos¢5q
rs, = rs,sindy, (5-35)

—cg +(rg, —r5)tanfg +(fs L) /(27)

A
s rsn Pl P——ZLRLIIEF R L 44 SRR SO0 A AR
hsq— 5 E#q 15 1 MRSUF 5 2 FLIRSUCF i B A R B US4
HI T 2241 R fevroe ke s, RIS — e LA Bh J1 52 5 RE A

Ryoller NT FS" 0
D DM, (G +05]+| Fy, | = (5-36)
q=1 k=1 FSZ 0

Nyoller NT MSX O 0
Z Z{[Hpqréaq’k +qu]X[HPq(F.s{Dq’k +f.s{3(;k)]}+ Mg, |+ 0 T 0 (5-37)
e MSd - ISQS 0

A
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W%ﬁ%ﬁi%ﬁ@@Sﬁ%moﬂﬁ%gflimﬁﬁﬁmﬂ%ﬁﬁwm%ﬁ
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{ o ] 0 52
A

Fopir— RN g LA AR
R 5-6 T3, Bl o, , ML B BN
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Bl 5 0, T B 4
rqqsck_rRS+[O O (k I)P [ T_l_TZOd(nT/z)]P]T (5_41)
Ve E
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- rqu COS¢qu
Iy = Treg SN Ppy, (5-42)

Cq _rTq COSIBq +\/r]%q _(rqu _rq +rTq Sil’lﬂq)z _(¢quLq)/(2n)

A
Cov Trgn Py M L——IRFERIEF B AR AR A A1 SR
03 L SN O (NIINVACA LNk

rast =ty +[0,0,(k-pp - =m0t 2 pe (5-43)
X
(5-44)
5-6 fEHTER#Hg L)
WRYE A28 e i, WAH#Hg sl 152 RN
O k k < k k 2 / / /
DRI L1054 Y (Bl +£005) 4 D (Fie 411000 4+ FIo")
k=1 k=1 /=1
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nr nr
DL (FIeE + 8005+ ) [rde s (Fieh + 755y + M-
k=1 k=1

s ; fan
; 0110 (5-46)
+ ) s (L 4805 ) +rle xFIS 1+ 0 |=|0
/=1 NP
67| |o
o
my M [——RkE#g MR B S E SRR,
TER(5-45)H, WHE#g DRTRINTEE 2, GBS RN A
. O
zZ =— -4
g . (5-47)

543 BEmMAOFEFIE

WK 5-7 s, Fy AEFAERREE ERVHIA TT, Faew Faon My My B0 Mz 530 51830
JIRUIIHE,  Fy, NSRREAI GRS 2 TR etk 7, F, o A2 P ok PR AE B85 ¢ AN Bk 42
i F7, L5 L ok A ML 43 Bl At 5 o, Kb B F7 . BERE IR BERE F1 06 Finl L Fink
£ 5 R MYy E e oy BB R(5-14). (5-9). (5-30)RI(5-31)3R15. ry! Folefuh o5 of, 7E AL
PR 2R 0pgxpgypezpg TN E 1 B

ot =[ry,0,cy +hy, +(k=1)P] (5-48)

A

rn A en——IR B 24 SCREAR AT R

hv——5 A #g 58 1 MNMRSUF SIERHESCF Befil i A7 BAH S LTS3

Fyoe AP UG BB RIVR AT g 58 0 AN T UG 2 T OB i S R AR R opgxpypgzeg WL B
=

rf;;]g = (7> 0, (k — 1)hq]T (5-49)

HI T IR RER e RS B AR, sl 710

2 Myoller 'T Mroller 2
ZFff’p + Z ZHPq(FA}/);{k +f/<’)t’1k)+ Z ZHPqFfi’)qg
/=1 g=1 k=1 g=1 (=1
Fy, 0 (5-50)

+| Fy, |+ 0
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[
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Nyoller 1T
{(Hpqrsz:}k + qu) X [HPq (szf)c}k + fsz);k)] + HPqM][\){’f];} +Pp, X F]{/p
q=1 k=1
Myoller 2 Py Py 0 ) MBx 0 (5—51)
+ Z[(HquN,qg +Ppp) X (Hp Fy )1+ (| 0 |+pp, ) xFy, +| My, |=/0
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A
my——R BRI &

5-7 AFHIFERREE BRI

5.4.4 REEEHNFHIE

P 5-8 Fow, oy, ((=1 B8R 2)/E A E#g MIRRR A 0 2 A 3EA A, M, S AR AT
A 0 EIHES 1A, xhy RS o), TEJREALAR R opxppypgze HIOAIE I, B8
= Pk

r =rl [ +7,,0,0] (5-52)

H TR AL AN DR SR 1 R i AN R T s h 5 TR ) o N %, ORI S&4 BN 7]
0 0

—F]f,p+ ) 0 =0 (5-53)
m,O,Ly /(2m)| |0

. 0 0 0
DM [ X (CER = 150T+ 0 |+ 0 =10 (5-54)
a1 My, | |=1:6,] |0
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Zzpy)
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5.5 NEISNDFEERITELS R
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sk BE PR R B L gt 5r=25N-s/m! 122
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Cps = ép/és (5-56)

HIF 5-9 I k1, PURMERLSRAS IS RIS AR I o X8 T 24 22 AR AT 22 18] f) BE 453
F15E FAESERE MR TG, 20 PRSM H e BAF 2 (8] i BE R FI, SCiR[122]
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BEJIHE R . FadSHS, PRSM AT AE TR AE b 1 BE B 0 0 S 4RI B RE AR R 28 E FHTEVR
FE R 156 I B TR BEAN R 2 [R] BE $2 D gazs /N T~ 22 AL AE 2 [RN (R BE ¥ 77, T
AR A5 R[] BE R R A S I, PRSML FEAR AN I B PR35 QRN 22 AT i LR 3K, tn 1)
5-10()fr~. W& 5-10(b)Fro, FHEERSUA] EERE RGN, PRSM IR 208/
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®6-1 Z2KL. VAR EHR SR BRI B (A7 mm)*

YA B R EE

s | 25 | x5 | S| 25 | x AR | S| 2 J5R | x T

1 153.9836 | -5.8630 1 127.4527 | -4.8508 1 140.6902 | -5.5153
153.9845 | -5.8624 127.4537 | -4.8509 140.6910 | -5.5147
153.9854 | -5.8618 127.4548 | -4.8510 140.6919 | -5.5141
153.9863 | -5.8613 127.4558 | -4.8511 140.6927 | -5.5134
153.9873 | -5.8608 127.4568 | -4.8511 140.6935 | -5.5127
153.9882 | -5.8604 127.4579 | -4.8512 140.6942 | -5.5119
153.9892 | -5.8598 127.4589 | -4.8513 140.6950 | -5.5112
153.9901 | -5.8593 127.4599 | -4.8514 140.6957 | -5.5104
153.9910 | -5.8587 127.4610 | -4.8514 140.6964 | -5.5096

O [0 [ [N |0 | |W |
O ([0 | [N |\ | |W |
O [0 [ [N | |~ |W |

27582 | 175.9701 | -5.8859 | 21498 | 143.4474 | -4.8557 | 27528 | 162.6838 | -5.5284
27583 | 175.9710 | -5.8853 | 21499 | 143.4484 | -4.8556 | 27529 | 162.6846 | -5.5277
E*: MBI SN Mitutoyo 58 ERAX A L E o
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csi~Css Tl Bsi~Pse 73 N LLATIRFE . 58 BRI f 1) 2 MRS SR . R RH, Z4T
PR B R IIAREE B 2.0012mm, /N 1.9989mm;  Z2AT 2F J& (2xcs) I KR 45 51
N 0.7995mm, /MY 0.7931mm; LKL ARSI ROy 45°19'327, /A
43°12'0" . fEIZMRRTER N, 24T (iR KIBEE R 228 1.2um, KT RiIR %N 3.45um,
RN MARZE T 1°48'0"
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%_m AV ARV
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(b) s
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Kl 6-16 PRSM FEMF A S . REE . 20U A A0 o BU %S B~ A2 (1 I B (A7 mm)

WK 6-17 Bz, Pyi~Pyss cni~cns HH Bvi~Pve 73 7 SR BRIR R | 2= 7 JEH0 2 1 1
ZAMAREE R . FRKRY, BREHEEE I 5oL R A 2.0027mm,  #/MNA 1.9977mm;
BEREF JE (2xen) RSG5 RN 0.9998mm,  fx/NN 0.9973mm;  RA: S0 £ 1) e Al
RZEF N 450539, H/NA 43°33'55"  TEIZIRTE FE P, BR BRI B RIREE R 228 2. 7um,
A ERZEN 1.35um, KA MM REN 1°26'5".

T TR AT B b 5 DR RR SR LI 22 U 2 3R A5 P 38 2 1) () de /M [T TB) R R 150pume
Wl 6-18 iz, X2 AT BRSO T 0o iR 22 HEA T &, 45 SRR %R Z /N T Sum. PRSM
FEA o 8 A SRR & T 1 RS STRAL A ZZSE AR T 6 Juk % (GB/T 1800.3-1998), 2
KL VAT AR BRI RR S0 B R PR B 5 BE IR N T o 45 ARS8 B PRSML & 24410
ZE R T ER
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il L LAA [F) 1l B2 S0 Ui i, IR ot RS B e M g A 2 R AR 280 SR A A
2 Sms; MERZERSE, HH 20(6-1)1HH PRSM 1L 3R 2%

KB R B 6-5 Fius 2 AT SR AN flif O i 22 30 AT I &, It s SR 3R M i =44 1
DiRZE/NT Sum. U1 6-20 firas, PAZZATIREhEh AFEHE, R Fixturlaser NXA Pro #%
Sof SN B R 2 3 AR AE BAK AL KR R O-XYZ v (07 B AR 25 3047 I B o AERE R IE 5 V5
PWIGEL 7SRRI 7 AN AT I &, MRS R WK 6-2 Fn. K 6-2 Hr-FIMElE
IREER AL B R 2, EﬂSMx=47um Ml ery=-30um. 7E PRSM FEAF2EE 58 i 5 K H B 7300
ZERT ) O iR ZE AT DU A, 22 O & P I E 3RS es=28um.

LZATIREN L SRR A

K] 6-20 Fixturlaser NXA Pro BO6GX}H4{X

®6-2 WG IR R B ERZMELS R (PAL: um)

I R 1| 23|45 |6 ]| 7| PHHE
XJ5IARZ | 50 | 50 | 50 | 40 | 40 | 50 | 50 | 47
Y 72 | <30 | -40 | 20 | -40 | -30 | -20 | -30 | -30

YL KT EETE S 12rpm. 24rpm A1 48rpm B, PRSM B )AL Sk B2 M 45 SR 4
6-21 o, b Ty NZFLH e ], Te=2n/ms. HIEl 6-21 AT %1, PRSM FEARAEA
[F) 22 K6 T B 28 A% iR 22 A S5 SR AR, s e R RA R IF i E B M [FI,
PRSM FEI 1 2 8 AL Bl i 22 2 R 5, ish a5 22 KT e e R AR R], 35k sl e i
KT KE 6-13 Foni AT Rt g e iR 22 a4 2R .

HT PRSM BRI S5 R SR DL BN T 5 e e 1% 22 M 45 R, SR T 28 4 5 PRSM i2
FRR HAL B R 2 AT VA . TR PRSM M2 H0N: r=9.75mm.
ry=16.25mm. r,=3.25mm. =45° (i=S, N, q)~ cs=0.4mm. ¢,=0.45mm. cy=0.5mm. P=2mm,
Le=10mms ngope=7~ r7,=5.1771mm. ryg=ry~ 7gg=rgn a=20°F1 & =150pum; BRBEAT B 1R %
LI R ZEN: an=4Tum. gp=-30um Fl es=28um; MR I A A ZTaH, &
BOREE . A B RSP ZR AR DR ZE N ev=4um. eng=8um M1 ep=8um; RIIRSURIR
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e, FINGEE AR RS, BRI AN F R R 7T, il s AR D
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FE T we FIIEREG 2L Fy, IR FdAT 2 0N &, e RIS AL R-FE, 7
PR 72 AR . MR TR, T PRSM igshid ferh, AT MR FEIR A A7 (E
13, WAE NG AR B ORAE SEEGFE 1 B 4 B VIR AS DU S B B R A
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K, FJFH PRSM ) j#itH 4 R mT L, 8Bk H M8 TR fT & A2 520 PRSM 2%
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FEANRSZ JJRAE N R BAZ A . PRSM FEAFEA FEFESRAS T % 24052 1 AE T RS AR
RS ESyES A E S

Lr BRI, BRSO T IEER TH B PRSM. FEAFID0%, (& PRSM A%
1 wse[12rpm, 48rpm]Fl Fy.e[6kN, kNI P JLT- AN 52 L2 AT 4 3 A RE 71 2% 52 m L &%
PRSM i & BIPIRAS SRR T IR AL BIRAS R A B v B 25 R 15 s 3 X 485 SR AR )
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PRSM {74046 B SZ 4 1F S 6.4.2 TR RcRMEMF, SLRRAEtE 52
FEAR—F PREFIREFL I B I 0 R R A 4R 10 S &N I 2 R R AR A, RS
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